LTP and LTD are generally viewed as cellular mecha-
an observation that is consistent with a previous report (Krezel et al., 1996) . nisms for learning and memory. They are activity-dependent long-lasting modifications of synaptic efficacy RXR␥ mutants were bred with RAR␤ knockout mice Baldo, 1992; Calabresi et al., 1996), we explored whether these receptors contribute to specific functions in the In the case of RXR␥ and RAR␤/RXR␥ genes, mutant mice are viable, fertile, show normal gross neural anat-CNS. For simplicity, RXR␥ and RAR␤ are designated hereafter as ␥ and ␤, respectively. omy, and display no apparent abnormal behavior. Despite this apparent normality, further analyses of these mutants reveal profound performance deficits and strikMutant Animals Exhibit Performance Deficits in the Morris Water Maze ingly altered neurophysiologic response. This is most dramatically manifested by nearly complete elimination Mutant mice were first examined in the Morris water maze (MWM). MWM is a hippocampal-dependent test of CA1 LTP in RAR␤ and RAR␤/RXR␥ double mutants. Surprisingly, the RXR␥ knockout mice display a unique commonly used to evaluate the ability of rodents to solve a spatial learning task (Morris, 1984) . During the phenotype characterized by a complete but selective loss of LTD while their LTP remains unchanged. These acquisition phase (the hidden platform test), ␤ and ␤/␥ mutants displayed severely impaired abilities in acfindings uncouple CA1 LTD from LTP and suggest novel and specific roles for the vitamin A and its receptors in complishing the task and failed to improve their performance over the training period (8 days), whereas ␥ musynaptic plasticity.
tants exhibited performances comparable to wild-type controls ( Figure 2A ). Swim speed was unaffected in all Results genotypes (data not shown). The abnormal behavior of the mutants was further exemplified by the probe trial Generation of RXR␥ and RAR␤/RXR␥ Double Mutants in which the platform was removed. ␤ and ␤/␥ mutants spent significantly less time than wild-type animals in RXR␥ knockout mice were created as previously described (Sucov et al., 1994) . Homologous recombination the target area where the platform had been ( Figure 2B ). The analysis of the mean distance to the target point of the targeting construct resulted in disruption of the entire RXR␥ gene as assessed by Northern blot and RTalso showed significant difference between both ␤ and ␤/␥ mutants and wild-type animals ( Figure 2C ). Although PCR analyses (Figure 1) . RXR␥ Ϫ/Ϫ mice were obtained at the expected Mendelian ratio and were indistinguishthe performance of ␤ and ␤/␥ mutants was possibly compromised by a likely impaired vision (Grondona et able from their wild-type or heterozygous littermates, (A) The graph shows the escape latencies of mice trained to find a hidden platform in a water maze. Overall analysis revealed that wild-type mice needed 16.2 Ϯ 1.2 sec to reach the platform, as opposed to 28.5 Ϯ 1.2 sec for ␤, 32.6 Ϯ 1.4 for ␤/␥, and 21.8 Ϯ 1.5 sec for ␥ mutants. With p value of 0.0029 (ANOVA), the difference in performance was significant for wild-type versus ␤ and ␤/␥ mutants. No significant difference was found between ␤ and ␤/␥ double mutants. Note that on a day-by-day analysis, ␥ mutants consistently used more time to reach the platform than wild-type controls. However, the difference between the two groups was not statistically significant (ANOVA). In the hidden platform test, each mouse was placed into the water Experimental Procedures at a different position in each trial; each trial lasted 40 sec or until the animal found the platform. All animals were allowed to stay on Targeting Construct the platform for 10 sec between trials. Four trials were tested per The 1.6 kb BamHI/HincII genomic fragment was replaced with a day on eight consecutive days. On the ninth day, the platform was ␤-gal/PGK-neo cassette. In this configuration, the 3Ј end of the removed and the mice were allowed to search for the platform for intron immediately upstream of exon 3, the splicing acceptor, and 40 sec (probe trial). part of exon 3 were deleted. A 180 bp fragment generated by PCR using primers flanking the intron/exon 3 junction was introduced 
